1. Introduction {#s0005}
===============

Drugs are the substances that influence the biological function by mimicking the action of neurotransmitters upon neurons when taken, and the drugs that alters the brain function by altering the mood, behavior and consciousness are known as psychoactive drugs. Psychoactive drugs are used by humans in all societies that affect them as a little dose can change the thinking and feeling of user and are mostly used for the treatment of common medical conditions for example pain, sleep disorders and anxiety but their unauthorized use is also common ([@b0185], [@b0190]).

Tramadol is a psychoactive drug and affects mainly CNS. It is a synthetic opioid analgesic that binds to the specific opioid receptors and is used as a first line drug for the treatment of postoperative injury induced acute pain. It has been in use for over 46 years and first used in therapeutic analgesis in Germany in 1977. Tramadol is not used for pregnancy and lactation due to limited clinical research on its use. Tramadol has been used for the treatment of different pain conditions i.e., post thoracotomy pain, abdominal surgery, somatic pain, visceral pain, neuropathic pain, acute dento-alveolar surgical pain (oral), day-case laparoscopic sterilization, orthopaedic surgery, paediatric surgery, obstetrics, acute ureteric colic, acute trauma and myocardial ischaemic pain ([@b0045], [@b0085], [@b0110]).

Tramadol can be used orally, intramuscularly and intravenously for the treatment of moderate to severe pain that may include postoperative, gynecological, obstetric and cancer pain. Tramadol is available in many forms as immediate release tablets or capsule that can be taken orally with the dose 50--100 mg after 4--6 h and extended release capsule (150 mg) or tablets (100--300 mg) that can be taken once daily and also injection (100 mg ampoules) and suppositories (100 mg Anadol). In humans, analgesia by Tramadol is induced about one hour after oral administration and peaks after two to three hours ([@b0090]).

Tramadol act by three different mechanisms as mu-opioid receptor in that it caused the metabolism of O-desmethyltramadol. The 2nd is serotonin reuptake inhibition by (+) -- Tramadol and 3rd is norepinephrine reuptake inhibition by (−) --Tramadol. O-desmethyltramadol formed by O-demethylation from Tramadol and catalyzed by CYP2D6. This O-desmethyltramaadol caused the opiate type effects in Tramadol. Tramadol also has anatagonist effects that are similar to NMDA and for that reason it used for neuropathic pain. Tramadol also have anti-inflammatory effect as it impaired immune system by increasing the serotonin and norepinephrine that caused a reduction in inflammatory cytokines that released during stress conditions ([@b0135]).

Tramadol cause neural cells disorganization, apoptotic cell formation, chromatolysis, formation of multinuclear cells and congested blood capillary formation in albino rats. Tramadol increases reactive oxygen level in brain mitochondria and mitoc-comhondrial swelling in rat. Chronic Tramadol cause impaired learning and memory by introducing dysfunction of brain mitochondria. Exposure of Tramadol before physical exercise caused brain mitochondrial dysfunction and impairment and is less severe ([@b0105]). The LD50 of Tramadol is 300--350 mg/kg body weight in rat and mouse for oral administration. While in case of intravenous administration these values are 50--100 mg/kg body weight. Signs of intoxication in case of chronic toxicity include convulsions, and behavioral problems at dose of 25 mg/kg and Tramadol cause toxicity at reproductive level ([@b0100]). Tramadol caused hepatotoxicity that is major problem. Because metabolism and excretion of opioids takes place in liver and kidney so it caused nephrotoxicity and hepatotoxicity. Kidney is considered as primary target of Tramadol toxicity because its metabolites go through the kidney. Tramadol also caused toxicity at cellular level that is associated with lipid peroxidation. An increase in lipid peroxidation was reported in rats that have received cocaine. Lipid peroxidation was also increase due to heroin use. Another study reported decrease in glutathione level in hapatcytes because of morphine that leads to cell death ([@b0020]).

Genotoxicity may be defined as destructive effects on a cell's genetic material that affect its integrity. A substance that can cause genotoxicity is known as genotoxin. This genotoxin may be a radiation or a chemical. A genotoxin can affect in three ways as it may be carcinogen, mutagen or teratogen. Genotoxicity may cause mutation that lead to cancer. All mutagens are genotoxic but all genotoxins are not mutagenic and these mutations affect the DNA. Researcher used to assess DNA damage in order to assess the genotoxicity and the DNA damage have various conditions as may be of single and double strand breaks, cross linking, point mutations, chromosomal aberrations and loss of excision repair ([@b0055], [@b0080], [@b0115], [@b0130], [@b0150]).

A lot of information is available in literature about toxicity of various psychoactive drugs i.e., cocaine, nicotine, mephedrone, methylone amphetamine, morphine, alcohol and benzoylecgonine etc. ([@b0015], [@b0165]). However, genotoxicity of Tramadol in albino mice has been neglected. So, the present study was conducted to study the genotoxicity and repair capability of Tramadol in *Mus musculus* and comet assay was used to observe the DNA damage. Comet assay is a sensitive method in which after lysing, electrophoretic migrated DNA obtained in the thin layer of agarose and the tail is formed by extended DNA loops. These DNA loops are similar to chromatin loops as in the cell nuclei and represent the extent of DNA damage ([@b0155]). Comet assay has been used widely for environmental monitoring, to test newly developed drugs, food additives and also used for the monitoring of DNA repair by living organisms ([@b0005], [@b0035], [@b0040]). The benefits of comet assay include its applicability to various tissues and/or special cell types, its sensitivity for detecting low levels of DNA damage, its requirement for small numbers of cells per sample, general ease of test performance, the short time needed to complete a study and its relatively low cost.

2. Materials and methods {#s0010}
========================

2.1. Animals and treatment {#s0015}
--------------------------

Albino mice *Mus musculus* (n = 40) were kept at Animal House, Department of Pharmacy, Government College University. A 30 days trial was conducted to access the genotoxicity and repair capability of Tramadol in mice. 4--6 weeks old mice with an average weight of 29 ± 3.8 g were housed in 4 groups (Control, group 1, 2 and 3) in different cages with 10 mice in each group. Mice were given free access to food and water. Mice were carefully observed for seven days prior to the start of trial. Behavior of mice as well as the amount of water and feed intake was also monitored. Proper hygienic and environmental conditions were maintained to get the best results. Three different concentrations of Tramadol i.e., 25 mg/kg, 50 mg/kg and 75 mg/kg were prepared by mixing them in distilled water to make a solution and administered orally at the same time of the day for 15 days. Drug was administered very carefully to avoid any injury to mice. After 15 days, half mice from each group were dissected, peripheral blood was drawn by puncturing jugular vein then organs were removed and transported immediately to the Research Lab., Department of Zoology, Government College University. Recovery period of 15 days was given to remaining half mice to check the repair capability of Tramadol in them. After 15 days remaining mice were dissected and same procedure was repeated for organs and blood removal.

2.2. Comet assay {#s0020}
----------------

Peripheral blood was used to perform the comet assay and followed the procedure of [@b0180]. Layering of slides was performed using 1% NMP agarose. Then slides were placed overnight in a covered box to avoid any dust. When the first layer was completely dried, a second layer of LMP agarose with sample was applied on slide having LMP agarose and sample in 1:3 ratio. After sample loading, lysing was performed by placing the slides in a slide jar having 89 mL lysing buffer. This lysing buffer was placed in dark box at 4 °C for 1 h and 30 min. Then unwinding step was performed by placing these slides in electrophoresis solution for 20 min. Electrophoresis was done in electrophoresis buffer for 20 min, 300 mA and 25 V in an electrophoresis container. As electrophoresis completed neutralization of slides was performed. For neutralization, slides were placed in slide stand and neutralization was performed by cold neutralizing solution having pH of neutralizing solution 7.5. Each slide was washed three times for 5 min with neutralizing solution and 5 mL solution was poured every time. As slides dried completely, staining was performed by pouring 75 μl (2 μg/mL) of Ethidium Bromide on each slide. Staining was performed very carefully by wearing double gloves and disposed the used tips immediately wrapped in paper to avoid in contact with body because ethidium bromide is carcinogenic.

2.3. Scoring and statistical analysis {#s0025}
-------------------------------------

After staining, slides were observed under Epifluorescent microscope for scoring. Magnification power was adjusted to 40× and 50 cells were counted for each slide. Computer image analysis Casplab® software was used for scoring of cells and various parameters including Length Tail, Tail DNA and Olive Tail Movement. SPSS® (Ver. 17.0) software was used to statistically analyze the results. One Way ANOVA was used for all comparison of comet parameters and Post Hoc Test was used for the comparison of significant values of various parameters within groups and between groups.

3. Results {#s0030}
==========

Genotoxicity and repair capability of Tramadol in *Mus musculus* was assessed by using comet assay and behavioral patterns of mice were also observed during dose period and recovery period. Various parameters including feeding habits, activeness, sleep time, aggressiveness and body weight were recorded. Feeding and drinking habits were not changed throughout the trial. However, activeness decreased in all treatment groups as compared to control as all the mice gathered at one corner of cage and their body movement was very slow, sleeping time of mice was also increased while their aggressiveness reduced with increase in amount of dose. Body weight of all mice were also recorded before trial, after dose trial and after recovery period and a comparison of these three periods revealed that body weight was reduced after dose period while remain unchanged after recovery period. However, there was gradual decrease in sleeping time during recovery period. Further decrease in body weight was not observed during recovery period with gradual increase in activeness ([Table 1](#t0005){ref-type="table"}).Table 1Behavioral patterns of mice exposed to different concentrations of Tramadol during Dose Period and Recovery Period.Behavioral ParametersNormal ReadingsDuring Dose PeriodDuring Recovery PeriodControl Group25 mg/kg50 mg/kg75 mg/kg25 mg/kg50 mg/kg75 mg/kgFeed Habits0000000Activeness0\-\-\-\-\-\-\-\-\--Sleep time0+++++++++++Aggressiveness0\-- \-\-\-\-\-\-\-\-\--Body weight0\-\-\-\-\-\-\-\-\--[^1]

The results of comet assay are shown in [Table 2](#t0010){ref-type="table"}. Three parameters Tail Length, Tail DNA and Olive Tail Movement were used to assess the DNA damage caused by Tramadol and the mean values of these parameters interpret that all the doses caused DNA damage and this DNA damage was dose dependent as by increasing the concentration of Tramadol, DNA damage was increased. The maximum mean values of tail length were 9.68 ± 1.19 at 75 mg/kg before recovery period and minor decrease in tail length was observed after recovery period that is the indication of repair capability of Tramadol. The mean values of tail DNA and olive tail movement also increased with increasing concentration of Tramadol as maximum mean Tail DNA, 21.31 ± 2.36, was observed at maximum dose 75 mg/kg that was reduced to 19.99 ± 1.34 after recovery period. While maximum mean olive tail movement, 6.56 ± 1.11, was also observed at highest dose 75 mg/kg of Tramadol as compared to other doses. A comparison of significance level of all parameters is presented in [Table 2](#t0010){ref-type="table"}. It is clear that the values are significant for Tail Length and Tail DNA while highly significant for Olive Tail Movement before recovery period. After recovery period the values of Tail Length are highly significant, Tail DNA are non-significant and Olive Tail Movement are significant. A comparison in comet values of before and after recovery period revealed that repair capability of Tramadol is non-significant as minor recovery was observed in 15 days trial.Table 2Comparison of various concentrations of Tramadol in blood of *Mus musculus* before and after Recovery Period.ParametersControlDose25 mg/kg50 mg/kg75 mg/kgBefore Recovery PeriodTail Length3.25 ± 1.49^a^5.93 ± 1.28^ab^7.89 ± 1.47^bc^9.68 ± 1.19^c^[\*](#tblfn1){ref-type="table-fn"}\
(p = 0.03)Tail DNA7.28 ± 1.79^a^14.84 ± 0.93^b^17.67 ± 1.42^b^21.31 ± 2.36^b^[\*](#tblfn1){ref-type="table-fn"}\
(p = 0.04)Olive Tail Movement0.47 ± 0.22^a^2.6 ± 0.91^b^4.82 ± 1.54^c^6.56 ± 1.11^c^[\*\*](#tblfn2){ref-type="table-fn"}\
(p = 0.01)  After Recovery PeriodTail Length3.15 ± 1.07^a^4.93 ± 1.18^b^6.9 ± 0.92^c^9 ± 0.95^d^[\*\*](#tblfn2){ref-type="table-fn"}\
(p = 0.000)Tail DNA7.49 ± 1.75^a^13.31 ± 1.06^ab^15.82 ± 1.64^b^19.99 ± 1.34^bNS^\
(p = 0.08)Olive Tail Movement0.4 ± .21^a^13.31 ± 1.41^a^3.71 ± .92^ab^5.82 ± .98^b^[\*](#tblfn1){ref-type="table-fn"}\
(p = 0.014)[^2][^3][^4]

[Fig. 1](#f0005){ref-type="fig"} is representing the comparison of tail length before and after recovery period. A slight increase in bar lengths represent the damage that increase as concentration of tramadol increase. While, comparison of bar lengths before and after recovery period show minor differences that is the indication of repair capability of tramadol. [Figs. 2](#f0010){ref-type="fig"} and [3](#f0015){ref-type="fig"} are showing the bar lengths for Tail DNA and Olive Tail Movement before and after recovery period. These bar lengths are increased consecutively as concentration of tramadol increase. A slight decrease in bar lengths after recovery period is representing the repair capability of Tramadol and highest recovery observed at lowest concentration i.e., 25 mg/kg of Tramadol.Fig. 1Comparison of means of Tail length in blood of mice exposed to different concentrations of Tramadol before and after Recovery Period.Fig. 2Comparison of means of Tail DNA in blood of mice exposed to different concentrations of Tramadol before and after Recovery Period.Fig. 3Comparison of means of Olive Tail Movement in blood of mice exposed to different concentrations of Tramadol before and after Recovery Period.

4. Discussion {#s0035}
=============

A lot of data is available in literature about toxicity of various psychoactive drugs but very less information is available about the genotoxicity of these drugs. Clinical use of Tramadol has been increased in recent years. In the current study genotoxicity and repair capability of Tramadol was studied in albino mice. Comet assay was performed to check the genotoxic potential of three different concentrations of Tramadol in blood of mice. Results of comet assay revealed that Tramadol is genotoxic and highest genotoxicity of Tramadol was observed at highest concentration, 75 mg/kg, while lowest damage was observed at lowest, 25 mg/kg dose of Tramadol. A minor decrease in mean values of tail length after recovery period indicated the low repair capability of DNA following Tramadol exposure. Tramadol acts by three different mechanisms as mu-opioid receptor caused the metabolism of O-desmethyl tramadol. The 2nd is serotonin reuptake inhibition by (+) -- Tramadol and 3rd is norepinephrine reuptake inhibition by (−) --Tramadol. O-desmethyl tramadol formed by O-demethylation from Tramadol and catalyzed by CYP2D6. This O-desmethyl tramaadol caused the opiate type effects in Tramadol. Tramadol also has anatagonist effects that are similar to NMDA and for that reason it is used for neuropathic pain. Tramadol also have anti-inflammatory effects as it impaired immune system by increasing the serotonin and norepinephrine that caused a reduction in inflammatory cytokines that released from the during stress conditions ([@b0135]).

Behavioral responses of mice under various concentrations of Tramadol were observed during the trial. The normal behavior was observed in control group while severity of all responses was observed in maximum dose group that was administered with 75 mg/kg dose of Tramadol. Increasing the Tramadol concentration caused a reduction in aggressiveness, body weight and activeness. Behavioral changes caused by Tramadol was also observed by [@b0175] who investigated the antidepressant activity of Tramadol and stated that Tramadol produce antidepressant effects and immobility that is dose dependent and increase by increasing concentration of tramadol. In another study, conducted by [@b0030] it was found that Tramadol also cause disturbance in the brain of mice. They concluded that chronic co administration of Tramadol and nicotine improves the social interaction and decrease anxiety. However, that combination was extremely neurotoxic and has adverse effects on memory. [@b0145] evaluated the toxic effects of Tramadol and mixture of Tramadol and naproxen sodium on early life stages of fish. Tramadol, Tramadol and naproxen sodium mixture and naproxen sodium alone was given to fish for 32 days. Theses exposures showed that mixture of both drugs affected the early stages of fish, caused oxidative stress, and mortality. [@b0050] stated that Tramadol caused a decrease in antioxidant capacity of blood in rats.

Although different groups have explored different toxicological parameters of Tramadol however, its genotoxicity was not studied before. Genotoxicity is the ability of a toxic substance to induce damage to genetic material, so it carries the probability of mutations and certain type of mutations may lead to cancer. It is concluded that genotoxicity of Tramadol in mice was increased by increasing the concentration of Tramadol. Highest concentration of Tramadol, 75 mg/kg had caused maximum DNA damage as compared to other doses i.e., 25 mg/kg and 50 mg/kg. Our findings are nearly similar to [@b0010] findings who investigated the genotoxic effects of cocaine in multiple mice organs by using comet assay. They concluded that cocaine is genotoxic and genotoxicity increased by increasing the concentration of drug. [@b0125] studied the genotoxicity of illicit drugs including cocaine, morphine and some others on zebra mussel. Results showed that this mixture caused DNA fragmentation, micronuclei formation, genotoxicity and triggered apoptotic process. [@b0170] stated that nicotine cause genotoxicity, carcinogenicity and hyperplasia in kidney and bladder of rat that is dose dependent.

In the current study Tail Length, Tail DNA and Olive Tail Movement were recorded to analyze genotoxic potential of the Tramadol. These are extremely important and sensitive parameters that have been widely used by different groups to observe the extent of DNA damage after exposure to different environmental chemicals. [@b0075] investigated the genotoxic and carcinogenic potential of nicotine in human salivary glands by using comet assay. A gradual increase in tail length, tail DNA and olive tail movement revealed that nicotine cause dose dependent DNA damage. Similar parameters were used by [@b0160] who investigated the effects of acrylnitrile and amine acridine in rats and found that former is a genotoxic and carcinogen and latter is genotoxic non carcinogen in rat. [@b0065] used similar parameters and observed a gradual increase in mean tail length in leucocytes of mice following the exposure to nickel chloride is genotoxic and this DNA damage is dose dependent. Results of present study are also similar to the findings of [@b0095] who evaluated the toxic effects of cocaine on various life stages of mussel *Perna*. They assessed the fertilization rate, DNA strand breaks, embryo-larval development and lysosomal membrane stability. Their results showed that cocaine caused genotoxicity in mussels. [@b0070] studied the genotoxic effects of alcohol on embryonic and fetal development in rats and their offspring. Their results demonstrated that alcohol cause DNA damage in blood and liver of rats, offspring and neonates brain. A similar study was conducted by [@b0060] who studied the genotoxic and mutagenic effects of Kramecyne. They observed the potential developmental toxicity in different groups of female rats and genotoxicity in different groups of male mice. [@b0120] investigated the toxic effects of mephedrone during gestation period in mice. Their results showed that mephedrone affect the birthrate by stillbirth and lower percent of weight gain. They also observed cell apoptosis, cell proliferation and impairment in learning and memory process. It was concluded that during gestation, regular or repeated exposure to mephedrone had increased the low birth rate and stillbirth and repeated use lead to impairment of learning process and effect memory by hippocampal damaging.

Another major finding of proposed study is that after discontinuing the use of Tramadol, the repair capacity of DNA is not very pronounced. Maximum recovery was observed at lowest dose treatment i.e., 25 mg/kg while minimum was observed at highest dose treatment group i.e., 75 mg/kg. Result of [@b0015] supported our results, who studied the genotoxic effects of nicotine in mice bone marrow and observed highest toxicity at higher concentration and also observed recovery in one treatment that they observed after 48 h of treatment. Recovery was also observed by [@b0025] who studied the effects of Tramadol on epididymal sperm quality and testicular tissue in mice. They divided the mice into three groups having 21 mice in each and control group was treated with normal saline while remaining two treated with 10 mg/kg and 20 mg/kg dose of Tramadol respectively. Dissection was performed at 3, 6 and 12th week after treatments. Their results showed a significant decrease in sperm concentration, vitality and motility in second and third group as compared to control group at 3rd and 6th week but slight recovery was observed at 12th week. They concluded that long-term administration of Tramadol caused adverse effects on sperm quality and testicular tissues and these effects are dose dependent.

In the current study we observed minor to non-significant recovery in DNA damage after discontinuing oral administration of Tramadol. One of the possible explanation of this is that exposure to Tramadol decrease the activities of glutathione, catalase and superoxide dismutase and caused to increase malondialdehyde in liver and kidney of treated group. Glutathione are major liver enzymes responsible for detoxification of exogenously administrated substances. Repeated dose of Tramadol for long periods caused histopathological and biochemical changes as effect on of hepatic, renal and sexual function, it also caused norepinephrine and serotonin reuptake inhibition. These actions lead to serotonin syndrome and seizures. Although effects of Tramadol in inducing serotonin syndrome and seizure are modest but if not treated it may lead to serious effects therefore its management is necessary ([@b0020], [@b0140]).

5. Conclusion {#s0040}
=============

Tramadol is a genotoxic drug and this genotoxicity is dose dependent that is increased by increasing Tramadol concentration and it also affect the repair capacity of DNA.
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[^1]: 0 = No Change, + = Increase (+ (Low), ++ (Medium), +++ (High)), - = Decrease (- (Low), \-- (Medium), \-\-- (High)).

[^2]: NS = Non-Significant (p \> 0.05).

[^3]: Significant (p ≤ 0.05).

[^4]: Highly Significant (p \< 0.01).
